Background: The relation of income and socioeconomic status with suicide rates remains unclear. Most previous studies have focused on the relationship between suicide rates and macroeconomic factors (e.g., economic growth rate). Therefore, we aimed to identify the relationship between individuals' socioeconomic position and suicide risk. Methods: We analyzed suicide mortality rates across socioeconomic positions to identify potential trends using observational data on suicide mortality collected between January 2003 and December 2013 from 1,025,340 national health insurance enrollees. We followed the subjects for 123.5 months on average. Socioeconomic position was estimated using insurance premium levels. To examine the hazard ratios of suicide mortality in various socioeconomic positions, we used Cox proportional hazard models. Results: We found that the hazard ratios of suicide showed an increasing trend as socioeconomic position decreased. After adjusting for gender, age, geographic location, and disability level, Medicaid recipients had the highest suicide hazard ratio (2.28; 95% CI, 1.87e2.77). Among the Medicaid recipients, men had higher hazard ratios than women (2.79; 95% CI, 2.17e3.59 vs. 1.71; 95% CI, 1.25e2.34). Hazard ratios also varied across age groups. The highest hazard ratio was found in the 40e59-year-old group (3.19; 95% CI, 2.31e4.43), whereas the lowest ratio was found in those 60 years and older (1.44; 95% CI, 1.09e1.87). Conclusions: Our results illuminate the relationship between socioeconomic position and suicide rates and can be used to design and implement future policies on suicide prevention.
Introduction
Suicide is a global issue important enough to have prompted the World Health Organization to announce the Mental Health Action Plan in 2013 in an effort to reduce suicide rates worldwide. 1 Addressing suicide is even more pressing in South Korea, where the national suicide rate has been the highest of all Organization for Economic Co-operation and Development (OECD) countries in the last decade. The rate of death by suicide in Korea is at 28.5 per 100,000 people in 2013, which is as much as 5 times higher than other OECD countries (OECD on average, 12.1; Italia, 5.8; United States, 12.5; and Japan, 20.9 per 100,000 people). 2 The number of individuals who attempted suicide within the last year is 7.5 times the rate of actual suicide deaths during that same period, while the number of individuals who have attempted suicide more than once in their lifetime is 10.7 times that rate. These figures indicate that there is currently a high-risk population comprising about 1.2 million individuals with a history of suicide attempts. 3 Consequently, a great deal of research is being conducted in South Korea on how to address this suicide problem. About 851 academic thesis papers on suicide, covering a wide range of subjects and causes, were published between 1966 and 2014. 4 Suicide rates are thought to be affected by economics, an assumption rooted in the work of Durkheim. 5 Many scholars have reported a correlation between economic factors and suicide rates in Korea, 6e12 and researchers of various countries have also reported the impact of economic factors on suicide. 13e24 However, it is difficult to make definite conclusions about this relation because contradictory results are continually emerging. 25, 26 Due to limited data and various other reasons, the majority of existing studies on economic factors and suicide rates have focused on the relationship in terms of macroeconomic factors, such as economic growth rate, unemployment rate, and income disparity, 10e12,15e24 or have suggested the influence of individuals' economic circumstances on suicidal ideation and attempts. 6e9,13,14 Therefore, we sought to identify the relationship between individuals' socioeconomic position (SEP) and suicide hazard ratios (HRs) using retrospective cohort data collected from about 1 million Koreans over 11 years.
We also tried to find out the impact of SEP on suicide HRs across gender and age groups because Korea shows a different pattern of age-specific suicide rates compared to other OECD countries. 4 Kim et al have also reported that suicidal ideation differed by gender. 6 For these reasons, we aimed to identify HRs of suicide across SEPs and to identify trends in HRs of suicide across gender and age groups.
Methods

Ethics statement
The current study was reviewed by the institutional review board of Seoul National University Hospital. Because we utilized only secondary data, the approval process was waived. All data were encoded to protect subjects' privacy.
Data
We used the National Health Insurance Service-National Sample Cohort data, which was built using National Health Insurance claims data provided by the National Health Insurance Service. In Korea, the healthcare system consists of national health insurance and medical aid that covers almost all Koreans. The total number of registrants was approximately 51,878,000 as of June 2015, and the coverage rate of this healthcare system was about 100%. 27 The National Health Insurance Service-National Sample Cohort data were sampled from the 2002 database of qualified people for national health insurance and medical aid using a proportional allocation, with stratified sampling according to gender, age, and income. The dataset consists of demographic information (gender, age, and region), income quantiles, disability levels, causes of death, and date of death. We used the data established from January 2003 to December 2013, and we analyzed 1,017,468 subjects out of 1,025,340, after excluding those with missing data.
SEP measurement
The insurance premium in Korea can be considered a proxy indicator for SEP. Therefore, prior studies in Korea have used insurance premium levels as an SEP indicator. 28, 29 For this reason, the current study also used SEP criteria created using insurance premiums of the National Health Insurance System. South Korea's national health insurance is compulsory and universal, and offers three types of coverage: workplace health insurance (for employees), community insurance (for self-employed), and Medicaid (for those who do not qualify for workplace or community insurance). As of June 2015, 69.6% of Koreans were enrolled in workplace insurance, 27.7% in community insurance, and 2.7% in Medicaid. 27 For workplace insurance, the premium is calculated based on the individual's monthly wage, whereas community insurance premiums are calculated according to the individual's household income (including monthly income and assets, such as property, vehicles owned, and other valuables). All calculations of premiums utilize the average income earned during the previous 12 months; the premiums for individuals without an income source (e.g., homemakers and students) depend on the income of principal enrollees (i.e., the people supporting these individuals financially), for whom the same methods of calculation apply. To calculate insurance premiums, income is divided into deciles, with the 1st to 4th deciles being low SEP, the 5th to 8th deciles being middle SEP, and the 9th and 10th deciles being high SEP; individuals with no income receive healthcare coverage through the Medicaid system. These classification criteria were based on those of the Ministry of Land. 30 
Statistical analysis
In January 2003, the total number of subjects included in the study was 1,017,468. Monitoring began in January 2003 and ended in December 2013. During the monitoring period, we found 2791 cases of suicide mortality. The length of survival for each individual was calculated in months. Each suicide death was processed as "1" and each non-suicide as "0". The latter includes those censored in the survival analysis. Suicide deaths were classified as X60eX84 according to the International Statistical Classification of Diseases and Related Health Problems (ICD)-10. Geographical location was classified according to administrative districts, which are divided into nine provinces and seven metropolitan cities. Thus, we classified the geographical location as "Metropolitan city" or "Province". In order to clarify the HRs of suicide associated with age, subjects were stratified by age group (10e19, 20e39, 40e59, and !60 years) for the analysis. This classification of age groups was based on research by Kim et al. 6 To examine the independent effect of SEP on suicide rates, we included age, gender, geographic location, and disability level as control variables. All variables were categorized, including age, and their relations with income were evaluated individually. And we have created stepwise models that includes related variables. To analyze suicide HRs across SEPs, we used Cox proportional hazard models. This method does not assume any particular distribution because it is impossible to presume a theoretical distribution regarding subjects' survival time. As such, the method is advantageous in the sense that the data's baseline hazard function provides a stable estimate of coefficients. However, to apply the Cox model, which measures the baseline hazard function's proportional changes dependent on the independent variable's influence, it is worthwhile to confirm the proportionality assumption d namely, that the independent variable's HR is indeed independent of time. 31 We confirmed this assumption via a correlation analysis of the independent variable's Schoenfeld residuals and the variable representing the order of incidents. Using the Cox proportional hazard model, HRs and 95% confidence intervals (CIs) were obtained while controlling for gender, age, geographical location, and disability level. Statistical significance level was two-sided at P < 0.05, and all analyses were performed with SPSS version 21 (IBM SPSS Inc., Chicago, IL, USA).
Results
The demographic characteristics (age, geographical location, disability level, and SEP) of the 1,017,468 subjects are presented in Table 1 . The geographical location was composed of nine provinces: Gyonggi, Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju; and seven metropolitan cities: Seoul, Busan, Daegu, Inchon, Gwangju, Daejon, and Ulsan. Subjects were followed for 10.3 years on average. The median follow-up period was 132 months, with a minimum period of 1 month and maximum period of 132 months. During the follow-up period, we found 2791 cases of suicide mortality during a total of 10,469,881 person-years. The suicide rate showed an increasing trend with decreasing SEP (Table 2) .
Hazard ratios across socioeconomic positions
In models 1, 2, and 3, HRs of suicide according to SEP showed a similar trend. After adjusting for gender, age, geographic location, and disability level, the highest HR of suicide was found in Medicaid recipients compared to 10th-decile subjects (2.28; 95% CI, 1.87e2.77) ( Table 3) , and the HRs of suicide showed an increasing trend with decreasing SEP (Fig. 1) . After considering the interaction of gender*SEP and age*SEP, significantly high HRs were observed among Medicaid recipients, as well as those in the 1st, 2nd, and 4th deciles compared to those in the 10th decile (Table 3) .
HRs across socioeconomic positions stratified by gender
Overall, a similar trend was shown between crude and adjusted HRs. However, the overall trend of HRs of suicide according to SEP differed between genders (Table 4) . Males showed significantly high HRs in almost all SEP groups, whereas females only showed significantly high HRs in the Medicaid recipients group and among those in the 1st and 4th deciles of SEP (Fig. 2) .
Hazard ratios across socioeconomic positions stratified by age groups
Overall, a similar trend of HRs was shown between crude and adjusted HRs. Compared to the high SEP group, the HRs of suicide according to SEP were found to be different across age groups (Table 5) . First, the HR was higher in Medicaid recipients than those with high SEP for all age groups. However, in the 10e19-year age group, significantly increased HRs were not shown in the middle and low SEP groups. In the 20e39-year age group, HRs were shown to be significantly increased across all SEP groups; for middle SEP subjects, the HR was 1.28 (95% CI, 1.04e1.68), while it was 1.88 (95% CI, 1.54e2.34) for low SEP subjects and 2.91 (95% CI, 1.86e4.49) for Medicaid recipients, after adjusting for gender, geographical location, and disability level. A similar trend was observed among subjects in the 40e59-year age group. For subjects aged !60 years, the HR was not higher in the middle SEP than the high SEP. However, it differed from low SEP/Medicaid subjects (1.37; 95% CI, 1.15e1.63 for low SEP subjects and 1.44; 95% CI, 1.09e1.87for Medicaid subjects).
Discussion
We examined the HRs of suicide across SEPs while controlling for various demographic factors, including gender, age, geographic location, and disability level. There were the HRs of suicide among all SEP (i.e., Medicaid recipients and 1st to 9th deciles subjects). After considering the interaction between the variables (gender and age) and SEP, significantly high HRs were observed for Medicaid recipients, as well as those in the 1st, 2nd, and 4th deciles compared to 10th-decile subjects. However, the HRs of suicide by gender showed different correlations with SEP. HRs of suicide differed significantly across age groups. Subjects in the 20e39-year and 40e59-year age groups showed higher HRs of suicide across SEPs, whereas adolescent subjects showed a significantly high HR only in the Medicaid recipients group compared to the high SEP group. In subjects aged !60 years, income had a relatively weak effect on suicide risk. However, our results should be interpreted cautiously because mental illnesses, such as depression and alcoholism, or physical conditions may have caused the suicide deaths. We could not include all variables (including depression) that potentially contribute to suicidal behavior due to the limits of our dataset. Therefore, it is rational to consider that low SEP is a factor contributing to suicide.
Previous studies have suggested a link between suicide and various macroscopic factors. Bando et al reported that suicide risk is higher in low-income communities. 18 Inoue et al reported that suicide rates were associated with household disposable income. 32 Furthermore, Suzuki reported that changes in income level have an effect on individuals' suicide decisions. 33 However, it is difficult to identify individual-level factors of suicide through a macroscopic perspective. Therefore, in our study, we confirmed HRs of suicide across SEPs to identify suicide factors at an individual level. As a result, HRs of suicide increased with decreasing SEP, even after controlling for gender, age, and geographical location. This study also found that the relation between suicide risk and SEP differed slightly by gender, with the relation being stronger in males than females. Kim et al also reported that suicidal ideation differed by gender, 6 a finding which highlights the importance of considering gender in suicide prevention efforts. HRs of suicide for different SEPs varied across age groups, with subjects in the 20e39-year and 40e59-year age groups showing relatively high ratios across all SEPs. Kim et al examined factors influencing suicidal thoughts across age groups and found that household income was a risk factor for suicidal thoughts among subjects in these same age groups, whereas it did not have a significant influence on subjects !60 years. 6 In the 10e19-year age group of the current study, a significantly increased risk was shown in the Medicaid recipients, but not in middle-and low-SEP groups. In subjects aged !60 years, income had relatively weak effects on HRs in the low-SEP group and in Medicaid recipients. A study by Lee concerning the influence of income level on suicide risk among adolescents aged 10e19 years identified emotional 35 However, Park & Jang noted that adolescents' suicide risk increased when their parents were welfare recipients, 36 a finding which supports the current study's results regarding the high suicide risk among adolescent subjects in the Medicaid group. Kim et al reported that more diverse factors contribute to suicidal thoughts in the elderly, such as educational level, history of depression, tobacco use, health status, diet and nutrition, and whether or not they have a surviving spouse. 37 Erlangsen et al reported that health problem, such as complex physical conditions, contribute to suicidal thoughts in the elderly, 38 while Chong & Jeong presented both financial crises and health status as factors influencing suicidal thoughts in the elderly. 35 Taken together, our findings suggest that it is worth noting how the effects of income on suicide risk vary across ages. We also need to consider the possibility that the high welfare budget currently set aside for the elderly may have contributed to the reduced effect of economic factors on suicidal thoughts in the elderly. 40 Nevertheless, incorporating these findings into future suicide-prevention policies may be useful in terms of choosing the target subjects and methods of intervention.
The present study has a few limitations. SEP for people without an income source (e.g., some women, children, and elderly) were calculated using the income of principal enrollees. Although prior studies also used this method, 28, 29 there has been a debate about the validity of SEP indicators using the income of principal enrollees. We classified the geographical location by administrative districts. This classification of geographical location was composed of finer classification of 16 districts; however, it may not accurately characterize the geographical location of all study subjects. Despite these limitations, our study found that the HR of suicide showed an increasing trend with decreasing SEP, and the effects of SEP on suicide risk are higher in males than females. HRs of suicide are particularly high among individuals in the 20e39-year and 40e59-year age groups. Thus, additional research that considers this issue is needed. In addition, consideration should be given to factors that protect people with low SEP. The current study offers data regarding the link between SEP and suicidal behavior, which can be used to design and implement future suicide-prevention policies. For instance, Japan has taken a social reinforcement approach to suicide prevention, through which support is provided using community suicide-prevention funds, phone counseling for individuals with multiple debts, loan services and counseling support for low-income individuals, and welfare loan services. Some 10 government agencies are cooperating closely with these efforts to establish adequate suicide-prevention policies. 41 In South Korea, although a suicide prevention act and related policies are being implemented, the policy scope is considered rather limited to mental health projects focusing on individuals, and socioeconomic support is lacking. 42 The current study results indicate that economic factors must be considered in suicide-prevention efforts, and that suicide is a problem for all socioeconomic levels. In other words, because suicide is not an issue solely rooted in either psychology or economic hardship, a bio-psycho-social approach is necessary to understand it. Therefore, various government agencies, in addition to public health and healthcare sectors, will have to cooperate closely to address this issue. In particular, because the effects of SEP on suicide HRs are greater among individuals in the 20e39-year and 40e59-year age groups, further in-depth research regarding these age groups' suicide risks and how they relates to SEP is necessary to suggest a clearer direction for policies.
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